ABSTRACT This paper investigates the joint user and relay selection algorithm for cooperative nonorthogonal multiple access networks, where multiple users transmit messages to two destinations by utilizing multiple amplify-and-forward relays. To improve the outage performance of system, an optimal selection criterion is proposed at the user-relay pairs. We derive the closed-form analytical expressions on the outage probability, as well as the asymptotic expressions for large transmission power. Based on the derived analytical expressions, the effect of the number of relays and the target data rate on the outage performance is revealed. Results indicate that when the target data rate becomes small enough, the diversity order of the outage probability equals to the number of relays, while the target data rate grows without bound, the outage probability achieves one.
I. INTRODUCTION
In recent years, the tremendous demand for data connection has brought great challenges to wireless communication systems. Non-orthogonal multiple access (NOMA), as a promising technology in the fifth generation (5G) networks, has attracted a great deal of interest in wireless communication due to the nature of high spectral efficiency (SE) [1] - [5] . Compared with classical orthogonal multiple access systems, NOMA can accommodate massive users by using the successive interference cancellation (SIC) detectors, power allocation algorithms [6] , [7] and user pair policies [8] , [9] .
The NOMA technology has been widely investigated under MIMO systems for the achievable SE and the outage probability. For example, the authors in [10] derived closedform expressions on outage probability under Nakagami-m fading channels. Results showed that NOMA outperforms orthogonal multiple access in terms of outage probability and offers better fairness of multiple users. In [11] , the cooperative NOMA scheme was proposed, where users cooperate with each other as decode-and-forward relays. The authors in [12] extended the work of [10] to cooperative NOMA systems and obtained asymptotic expression of the achievable SE. In addition, by considering both direct and indirect link users, a closed-form approximation expression on the outage performance was derived in [13] for single-user cooperative NOMA networks.
To enhance the performance of wireless communications, cooperative relay has been widely used and analyzed [14] - [22] . Specifically, based on two-way amplify-andforward (AF) relay networks, the authors in [14] considered finite feedback precoder selection criteria, and the condition to maximize the diversity was analyzed. Authors in [17] studied an orthogonal STBC-based AF systems and analysed their outage performance over Rayleigh fading channels. In [19] , the authors proposed a novel merge-and-forward relaying and the best relay selection schemes.
Since user or relay selection can greatly exploit the diversity of wireless channels in cooperative networks, it has been widely adopted and studied to enhance the transmission capacity [23] - [25] . In practical scenerio, multiuser selection or scheduling technique has been used as one of the key technologies for wireless communication systems, such as LTE and other networks. Also, there exist a few works that study the relay selection under NOMA networks, such as [26] - [28] . Results indicate that the combination of cooperative relay and NOMA can greatly improve the QoS of the system. Based on decode-and-forward cooperative systems, the authors in [26] proposed a two-stage relay selection algorithm and derived closed-form expressions on outage probability. Considering amplify-and-forward (AF) cooperative NOMA networks, the work of [27] derived the approximate and asymptotic expressions on average sum rate with relay selection. Moreover, by using partial channel state information, a partial relay selection strategy was employed in [28] , and the impact of partial relay selection was investigated by analyzing the outage probability and its asymptotic results.
In most of the works in the open literature for cooperative NOMA networks, either user selection or relay selection algorithms are considered. To the best of our knowledge, no prior work has considered the joint user and relay selection under cooperative NOMA networks, which motivates the research in this work.
This paper aims to investigate the joint user and relay selection for amplify-and-forward cooperative NOMA networks. Based on a candidate subset, we propose an optimal selection criterion to improve the outage performance of system and derive exact expressions on the outage probability. With the help of the derived analytical expressions, the effects of several physical parameters including transmission power, the number of relays, and the target data rate, on the outage probability of system are revealed. Results show that when the target data rate is small enough, the diversity order of the outage probability equals to the number of relays, while when the target data rate tends to infinity, the outage probability occurs one.
Notations: We use CN (µ, σ 2 ) to represent the circularly symmetric complex Gaussian random variable with mean µ and variance σ 2 , f X (x) and F X (x) denote the probability density function and cumulative distribution function of a random variance x, respectively, and R n − D i denotes the link from R n to D i .
II. SYSTEM MODEL AND SELECTION CRITERIA
In this section, we consider two-slot amplify-and-forward cooperative NOMA networks depicted in Fig.1 , in which multiple users transmit messages to two destinations with the help of multiple AF relays. In such system, there are M users, N relays and two destinations, denoted as Similar to [26] , the destinations are categorized by their quality of service (QoS) requirements. For example, D 1 requires a low data rate with short packet size for urgent scenarios, while D 2 is served opportunistically for long time or background tasks. All the nodes are assumed to be equipped with single antenna and operate in the half-duplex time-division mode. Due to the severe shadow fading, there is no direct links between the user and the destination. Furthermore, it is assumed that all links are quasi-static Rayleigh block fading and stochastically independent between each other. The relays are used to help the transmission from the users to the destinations with the amplify-and-forward mode.
In the first slot, the best user-relay pair {U m , R n }, is selected to enhance the quality of service. U m transmit a mixture signal to the relay R n . Therefore, the received signal of R n is given by
where x 1 , x 2 are the signal transmitted to D 1 and D 2 , respectively, P S denotes the total transmission power from the selected user, h U m R n ∼ CN (0, 1) denotes the instantaneous channel fading coefficient between U m and R n , and α 1 , α 2 are the power allocation factors for x 1 and x 2 , respectively. In order to meet the total power constraint and the QoS requirement of x 1 that satisfy with the α 1 + α 2 = 1 and
is the additive white Gaussian noise (AWGN) received at R n . In the second slot, the selected relay amplifies and forwards the received signal. Then, the power amplify factor is expressed as
where η = P R /P S , P R denotes the transmission power of the selected relay, u mn = h U m R n 2 is the channel fading power of the first hop, and ρ denotes the SNR of the system that equals to ρ = 1/P S .
Then, the signals received by D 1 and D 2 can be given by 
and
where v n,1 = h R n D 1 2 and v n,2 = h R n D 2 2 denote the instantaneous channel fading power of the second hop.
Note that D 1 decodes its message x 1 with SINR γ m,n,1 , while a successive interference cancellation (SIC) receiver is employed at D 2 . That is, D 2 needs to detect the message x 1 , and cancel out the interference introduced by x 1 before decoding its own message x 2 . After interference cancellation, the SINR of x 2 at D 2 is given by
The outage probability is defined as the probability that the system capacity falls below a given target data rate. Given that U m and R n are selected as the best user-relay pair, we can derive the outage probability as follows
where γ 1 = 2 2R 1 − 1, γ 2 = 2 2R 2 − 1, and R 1 , R 2 are the target data rates of D 1 and D 2 , respectively.
According to the definition of (7), we can derive the optimal joint user-relay selection criterion
Since it is difficult to analyze the performance of the optimal criterion directly, we present an equivalent optimal selection algorithm by the following three stages.
The purpose of the selection algorithm is to guarantee the QoS of x 1 and x 2 , simultaneously. Conditioned on a fixed relay R n , the first stage builds a subset to ensure the target data rate of x 1 is satisfied for both D 1 and D 2 . Based on the subset, the best user is selected in the second stage to maximize the SNR 1 for x 2 . In the third stage, the best relay with maximum SNR for x 2 is selected among N relays. The detailed selection procedure is described as follows:
Firstly, for a given relay R n , the candidate users subset S n , of which the SINRs meet the QoS requirement of x 1 at both D 1 and D 2 , is defined as
1 Since ideal SIC receiver is assumed in this paper, no interference is considered for x 2 , and we use SNR instead of SINR.
Secondly, from the candidate users subset S n , we can select the best user to achieve the maximum data rate of
Finally, the optimal relay can be selected as the one which can achieve the maximum data rate for D 2 among all the relays, such as n * = arg max n∈ [1,N ] {γ m * n ,n }.
Thus, the optimal user for R n * can be given by m * n * as in (10) . In the following section, we shall utilize the optimal user to achieves the minimum outage probability.
III. PERFORMANCE ANALYSIS
In this section, we first obtain expressions on the outage probability of system and then present the asymptotic analysis on the outage probability. Based on derived theoretical analytical, the effect of several physical parameters on the performance are discussed.
A. OUTAGE PROBABILITY
We derive expressions on the outage probability by utilizing the joint user and relay selection for cooperative NOMA networks. Consider the best pair {m * , n * }, which achieves the minimum outage probability among M × N variables. From (4), (5) and (6), we see that the SINRs at D 1 and D 2 are correlated with each other. To attain a closed-form expression on the outage probability of system, we need to calculate the probability density function (pdf) of the random variable in (8) . At this point, it is worth mentioning the difficulty in deriving the closed-form expressions on pdf of SINR. Alternatively, we focus on the outage probability of γ m * n ,n , for a given relay R n , where M is independent of each other. In this case, the corresponding outage probability can be expressed as
where P 1,n denotes the probability of the event that no user can satisfy the data rate requirement of x 1 as in (9) , for a given relay R n . P 2,n,l denotes the probability that no user-relay pair can meet the data rate requirement of x 2 , conditioned on |S n | = l, l > 0. Specifically, P 1,n is the probability of γ m,n,1 < γ 1 or γ m,n,2 < γ 1 , for any user m. While P 3,n,l denotes the the probability of that there are l users who can satisfy the data rate requirement of x 1 , which can grantee γ m,n,1 ≥ γ 1 , γ m,n,2 ≥ γ 1 . Thus, P m * n ,n has considered overall outage probability.
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Lemma 1: The analytical expression on P 1,n , P 2,n,l and P 3,n,l can be given by
where
and K 1 (·) denotes the first-order modified Bessel function of second kind. The proof of Lemma 1 is given in Appendix A. Applying Lemma 1 on (12), we can obtain the following closed-form expressions on outage probability. Theorem 1: For three different cases, with a given R n , P m * n ,n can be expressed as in (17) , shown at the bottom of the next page.
Obviously, for all cases, the outage probability of joint user-relay pair selection criterion can be given by
It's observed from the exact analytical expression that the outage probability is a monotone decreasing function with respect to N . The reason is that, when the number of relays is larger, the system can exploit more diversity of the relaying channels.
B. ASYMPTOTIC ANALYSIS
We present the asymptotic analysis on the outage probability of joint user-relay selection for cooperative NOMA networks. When the transmission power of the system is large enough, that is ρ → ∞, according to the asymptotic expressions, we can reveal the diversity order for the proposed criterion.
Theorem 2: For a given R n and when the transmission power of the system grows without bound, the asymptotic expression on P m * n ,n can be given by and the corresponding outage probability of joint user-relay selection can be obtained as P m * ,n * = (P m * n ,n ) N . The proof of Theorem 2 is given in Appendix B. From Theorem 2, we observe that the asymptotic expression on outage probability is a strictly monotone decreasing function with respect to ρ and η, respectively. Furthermore, we have following remarks on outage probability.
Remark 1: The diversity order of outage probability for cooperative NOMA networks depends on the number of relays and the target data rate, while not on the number of user. Specifically, If the target data rate of x 1 is smaller than , the diversity order is equal to the number of relays. This is because the signals from x 1 and x 2 are mixed and interferenced with each other in the first slot, and the maximum theoretical SINR only depends on the power allocation factors. When the transmission power is large enough, the SINR of x 1 can't be improved by increasing the number of users.
Remark 2: When the target data rate of x 1 is larger than 1 2 log 2 (1 +
, the outage probability equals 1 and the diversity order equals zero. The reason is that the ratio of the useful signal's power to the interference power for both D 1 and D 2 is α 1 /α 2 , while the useful signal and the corresponding interference signal experience the same channel fading. Thus, conditioned on high SNR, the maximum achievable data rate for D 1 is ). When the target data rate is larger than the maximum achievable data rate, the outage occurs with probability one.
IV. NUMERICAL AND SIMULATION RESULTS
In this section, numerical and simulation results are present to validate the theoretical expressions. We consider the effects of the power allocation factor, the number of users, the number of relays and different selection criteria on the system outage probability. Fig. 2 depicts the simulated outage probability versus the number of relays as a function of SNR ρ. The system VOLUME 5, 2017 FIGURE 3. Effect of power allocation factor on outage probability.
parameters are configured as follows: the power allocation factor α 1 is 0.8, the number of users is 3, the number of relays ranges from 2 to 4, and both the target data rates of D 1 and D 2 are 0.5 bps/Hz. In this figure, exact analytical results, the asymptotic results as well as the simulation results for the optimal criterion in (8) are presented. We can see from the figure that the analytical results match the simulation results well in all SNR regions, and in high SNR region the analytical results converge to the asymptotic line. Note that the system outage decreases rapidly with SNR of the networks, and the diversity of outage probability equals the number of relays, which coincides with the remarks of Theorem 2. Fig. 3 shows the effect of the power allocation factor α 1 on outage probability, where the system parameters are set as N = 3, M = 3, D 1 = D 2 = 0.5bps/Hz and α 1 ranges from 0.9 to 0.7. Note that all the configurations fall in the first case of Theorem 1, and the outage probability decreases when α 1 changes smaller. The reason is that, in this case, the achievable data rate for D 2 becomes the bottleneck of the outage performance. When α 1 changes smaller, the power allocation for x 2 becomes larger, which will improve the average SNR of the signal. Then the outage probability can be reduced. Fig. 4 shows the impact of the number of users M on outage probability, where the number of relays is set as N = 3 and M ranges from 4 to 16. One can see from the figure, in low SNR region, a larger M achieves better outage performance. Specifically, in low and medium SNR regions, the number of users shows non-negligible impact on the outage probability. While in high SNR region, all the performance curves converge to the asymptotic line at a given N . The reason is that larger number of users can exploit more channel diversity, which gives better performance on outage probability. While in high SNR region, as mentioned in remarks of Theorem 2, the asymptotic performance only depends on N , and not on M . Thus, all the curves with the same N become convergent.
V. CONCLUSION
In this paper, an optimal selection algorithm was proposed to improve the outage probability of cooperative NOMA networks with joint user and relay selection. The system performance was analyzed by deriving the closedform analytical expressions, as well as the asymptotic results. From the asymptotic outage probability, we found that the number of relays and the target data rate have effects on the diversity order. Although the number of users is helpful to improve the transmission quality, it does not beneficial for the diversity order of the outage probability.
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APPENDIX A PROOF OF LEMMA 1
Conditioned on U m and R n , we first define the probability of the event that U m − R n pair can satisfy the date rate requirement of x 1 , that is
By using (4) and (5), A m,n can be derived by
where T n = max
, and the definitions for c 1 and c 2 are given in (16) .
Note that if the target data rate of x 1 is large enough, such as γ 1 ≥ α 1 /α 2 , A m,n becomes zero, and S n will be an empty subset. In this case, the outage probability equals 1. Thus, only the case that γ 1 < α 1 /α 2 is needed to be considered.
Moreover, if v n,1 < c 1 or v n,2 < c 1 , A m,n goes to zero, and the size of S n is zero. In the other hand, given that v n,1 ≥ c 1 and v n,2 ≥ c 1 , if and only if u m * n n < c 1 ηT n , the size of S n will be zero. Thus, P 1,n can be calculated by
In the following part, we will focus on the analysis on the item G 1,n . Conditioned on v n,1 ≥ c 1 and v n,2 ≥ c 1 , the cumulative distribution function (CDF) of T n can be given by
Due to the independence between v n,1 and v n,2 , by using mathematical derivation, (A.4) can be rewritten as
Then the probability density function (pdf) of T n can be obtained as
By using conditional probability formula, G 1,n can be rewritten as
Substituting (A.6) into (A.7), applying binomial theorem and variable substitution, we obtain
Using the identical in [29, (3. 324)], yields
Substituting (A.9) into (A.3), we can obtain a closed-form expression on P 1,n as in (13) . Similarly, we can prove the expression on P 2,n,l in (14) . Due to the independence between u mn , we can rewrite the expression on P 3,n,l as follows
By using conditioned probability formula, we obtain
Substituting (A.6) into (A.11), and applying binomial theorem and variable substitution, yields
By using eq. [29, (3. 324)], we get (15) in Lemma 1. The proof of Lemma 1 is completed.
APPENDIX B PROOF OF THEOREM 2
First, consider the asymptotic analysis on P 1,n . When ρ → ∞, we have c 1 → 0, T n → 1, U n → 1, and P 1,n in (A.3) can be rewritten as
Due to the independence between u m n , v n,1 and v n,2 , (B.1) can be given by
Applying the approximation result e −x 1 − x, yields
By using the same method, P 2,n,l in (14) can be calculated by
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